Aims Endomyocardial fibrosis (EMF) is a restrictive cardiomyopathy manifested mainly by diastolic heart failure. It is recognized that diastole is an important determinant of exercise capacity. The purpose of this study was to determine whether resting echocardiographic parameters might predict oxygen consumption (VO 2p ) by ergoespirometry and the prognostic role of functional capacity in EMF patients. Methods and results A total of 32 patients with biventricular EMF (29 women, 55.3 + 11.4 years) were studied by echocardiography and ergoespirometry. The relationship between the echocardiographic indexes and the percentage of predicted VO 2p (%VO 2p ) was investigated by the 'stepwise' linear regression analysis. The median VO 2p was 11 + 3 mL/kg/min and the %VO 2p was 53 + 9%. There was a correlation of %VO 2p with an average of A 0 at four sites of the mitral annulus (A 0 peak, r ¼ 0.471, P ¼ 0.023), E 0 /A 0 of the inferior mitral annulus (r ¼ 20.433, P ¼ 0.044), and myocardial performance index (r ¼ 20.352, P ¼ 0.048). On multiple regression analysis, only A 0 peak was an independent predictor of %VO 2p (%VO 2p ¼ 26.34 þ 332.44 Â A 0 peak). EMF patients with %VO 2p , 53% had an increased mortality rate with a relative risk of 8.47. Conclusion In EMF patients, diastolic function plays an important role in determining the limitations to exercise and %VO 2p has a prognostic value.
Introduction
Endomyocardial fibrosis (EMF) is a rare restrictive cardiomyopathy of unknown origin. It is characterized by fibrous tissue deposition in the endocardium and, to a lesser extent, in the myocardium, in the inflow tract, and apex of one or both ventricles. 1 It results in a reduced ventricular cavity size leading to a filling restriction. The fibrous compromise of papillary muscles, and chordae tendinae leads to mitral and/or tricuspid regurgitation. Systolic performance is normal or slightly depressed in patients with EMF. In contrast, diastolic dysfunction is mainly responsible for the development of severe cardiac failure. Previous studies have emphasized the importance of left ventricular (LV) diastolic dysfunction in limiting the exercise capacity of patients with heart failure. 2 The aim of the present study was to examine the relationship between resting echocardiographic indices and exercise capacity in patients with EMF and to analyse the prognostic role of functional capacity in EMF patients.
Methods

Patient population
We prospectively studied 32 patients with biventricular EMF (29 women, mean age 55.3 + 11.4 years) and no other systemic disease. Each patient was evaluated by a detailed clinical history, physical examination, electrocardiography, two-dimensional Doppler echocardiography, and ergoespirometry. Inclusion criteria were a clinical diagnosis of diastolic heart failure and an echocardiogram showing apical biventricular obliteration ( Figure 1 , see supplementary material Video 1). The diagnosis in each patient was confirmed by cardiac catheterization, patients continued to receive optimal pharmacological therapy during the study, and no acute decompensation was observed at least 1 month before the study inclusion. The degree of ventricular obliteration was qualitatively classified as mild, moderate, or severe based on its echocardiography and cineventriculography, as previously described. 3, 4 Patients remaining in New York Heart Association (NYHA) functional classes III and IV after medical therapy were offered surgical resection.
Our institutional review board approved this study, and informed consent was obtained from all patients.
Echocardiographic studies
Complete echocardiographic studies were performed with a Sequoia 512 ultrasound machine (Acuson, Mountain View, CA, USA) with a 2.5 MHz harmonic imaging transducer. From the apical acoustic window, two-dimensional images of the left atrium (LA) and LV were traced to calculate end-diastolic and end-systolic biplane volumes corrected by body surface area (BSA), using a modified form of Simpson's biplane method, as well as the LA and LV ejection fractions were calculeted. 5 LV mass was calculated by the M-mode echocardiography on the short-axis view, according to Devereux et al. 6 The diastolic function was assessed from pulsed-wave Doppler of the mitral and pulmonary venous flow velocities, 7 tissue Doppler imaging of the septal, lateral, anterior, and inferior mitral annulus, and the average myocardial peak velocity at four sites of the early diastole (E 0 peak), late diastole (A 0 peak), and systole (S 0 peak). 8 The myocardial performance index (MPI), defined as the sum of the isovolumetric contraction time and isovolumetric relaxation time divided by the ejection time, also was determined by the pulsed-wave Doppler. 9 Mitral regurgitation was quantified by planimetry of the colour Doppler area of the regurgitant jet relative to the area of the LA. 10 Systolic pulmonary artery pressure was determined from the continuous-wave Doppler tricuspid regurgitation peak velocity, using the simplified Bernoulli's equation and adding 10 mmHg of estimated right atrial pressure. 11 Pericardial effusions were classified as mild, moderate, or severe based on the distance between the epicardium and pericardium. The cardiac rhythm in nine patients was atrial fibrillation (AF); in these cases, the cycles chosen for analysis were based on the quality of Doppler recordings, the presence of a cycle with a heart rate ranging between 60 and 100 bpm, and an interval !70 ms between the end of mitral flow and the onset of the QRS.
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Exercise oxygen consumption determination
Ergoespirometry was carried out the same day as the echocardiography. This examination was performed on a bicycle ergometer (model CardiO 2 ), using a 10 W ramping protocol, with the breath-bybreath gas exchange analysis. The peak oxygen uptake (VO 2p ) was expressed in milliliter per kilogram per minute, and the percentage of predicted VO 2p (%VO 2p ) was derived from Wasserman's formulae. 13 
Statistical analysis
All data are expressed as mean + SD or frequency (%) for discrete variables.
Comparisons of gender, rhythm, and functional class with %VO 2p were performed with the t test; and the degree of mitral regurgitation, pericardial effusion, right or LV fibrotic tissue involvement by one-way analysis of variance. The Pearson correlation coefficients were determined to evaluate relationships between the echocardiographic indexes and %VO 2p in all patients, as well as those in sinus rhythm and with AF. The variables that presented a P-value of 0.10 at Pearson's correlation were used in the 'stepwise' multiple linear regression to identify the independent echocardiographic predictors of %VO 2p . The Kaplan-Meier method was used for survival curves with the log-rank test with a median %VO 2p of 53% used as a cut-off value. P , 0.05 was considered statistically significant. Statistical analysis was performed with SPSS v 15 (SPSS Inc., Chicago, IL, USA).
Results
The mean VO 2p was 11 + 3 mL/kg/min (5-21) and the mean %VO 2p was 53 + 9% (25-84). Gender was not related to %VO 2p (P . 0.05), but NYHA functional class II presented a %VO 2p of 59 + 12% and functional class III a %VO 2p of 44 + 13% (P ¼ 0.002). Patients in sinus rhythm presented a %VO 2p of 52.06 + 13.98% and those in AF presented a %VO 2p of 50.31 + 15.47% (P ¼ 0.759). Degree of mitral regurgitation, pericardial effusion, and LV fibrotic tissue involvement were not related to %VO 2p , but the degree of RV involvement was related to %VO 2p (P ¼ 0.024). Resting heart rate, systolic and diastolic blood pressure at rest and at peak exercise, age, and BSA did not correlate with %VO 2p (P . 0.05). Peak heart rate presented a positive correlation with %VO 2p (r ¼ 0.36, P ¼ 0.04). Figure 2 shows the linear regression of %VO 2p related to A 0 peak. Ten patients (31%) died in 50 months, nine from cardiac causes. Considering nine deaths, we found that %VO 2p , 53% was associated with a greater mortality rate (P ¼ 0.017), with a relative risk of 8.47 ( Figure 3 ).
Discussion
Sex preponderance is a variable depending on the region considered. In Brazil, EMF presents a female preponderance, as seen in our study. Male preponderance is found in Kerala, Mozambique, and Nigeria, whereas female is in Uganda. 1, 4 In this study, %VO 2p was determined in addition to VO 2p to correct for individual factors such as age, weight, height, and mainly gender (due to large number of women). 13 A previous study has shown that survival curves of patients with EMF are better for those in NYHA functional class I or II. 3 However, the widely used NYHA functional class is a subjective approach to assessing functional status, whereas quantitative exercise testing represents a more objective approach. In this study, there was a relation between the NYHA functional class and the exercise capacity (P ¼ 0.002), allowing the use of this classification in assessing functional status.
Although we found no relationship between the resting heart rate and exercise capacity, the peak heart rate was positively correlated with the %VO 2p . This may occur in EMF as a result of an increased cardiac output at exercise, which is highly dependent on an increase in heart rate and not an increase in diastolic volumes. An increase in diastolic volume, in turn, is limited by the fibrous thickening of the endocardium that irregularly penetrates the myocardium. 14 Therefore, the normal increase in cardiac output which occurs with exercise may be limited by the Frank-Starling curve in these patients, leading to an increase in pulmonary capillary pressure. 1 The exercise capacity and ejection fraction are the most important prognostic indicators in patients with heart failure, but their correlation is weak. A limited exercise capacity is common in patients with EMF. 15 In our study, we found the %VO 2p , 53 is related to long-term mortality. This parameter may be a useful prognostic marker in the follow-up of the EMF patients. Many experimental and human studies have shown that the magnitude of the reduction in the LV ejection fraction does not correlate with the degree of functional impairment, whereas parameters of the LV diastolic function are important in limiting exercise capacity. [16] [17] [18] EMF is characterized by fairly normal myocardium; yet stiffness of the ventricle is markedly increased (due to thickening and scarring of the endocardium), leading to slow relaxation of the underlying myocardium. Consistent with this, patients with EMF present with a spectrum of ventricular filling abnormalities, ranging from abnormal relaxation to a restrictive pattern. 19, 20 In the present study, the LV ejection fraction did not correlate with functional capacity but the A 0 peak did. A prior invasive study revealed that the A 0 is positively correlated with LA contractility (r ¼ 0.67) and LA relaxation (r ¼ 0.73) but is inversely correlated with LV end-diastolic pressure (r ¼ 20.53). 21 In our study, A 0 peak was an independent predictor of %VO 2p , reflecting the importance of global atrial function, as it represents the average of four annular sites, and demonstrate that the LA dysfunction may limit the exercise capacity in EMF patients. The inverse relationship of E 0 /A 0 inferior and %VO 2p may also reflect the importance of atrial function on the exercise capacity. Donal et al. 22 have also shown the importance of late diastolic myocardial peak velocity recorded at the lateral site of mitral annulus, that added predictive value of rest echocardiography to exercise capacity in patients with heart failure. This relatively load-independent index of regional myocardial velocity, which allows the characterization of atrial function, is easy to acquire and is also considered a prognostic index for heart failure patients when ,5 cm/s. 23 Permanent AF, defined as AF present for at least 1 year with no interruption, is reported to occur in at least 20% of the patients with heart failure, and it is associated with poor prognosis and reduction in exercise capacity. 24 However, previous study showed that cardioversion improves exercise capacity by 5%, suggesting that the underlying heart disease had a greater influence on exercise capacity than AF. 25 In EMF patients, AF is also a predictor of worse prognosis. 26 Previous study showed that EMF patients with AF presented a higher mortality rate than those who did not have AF (P ¼ 0.0195), but not among those who allowed to fibrous tissue resection. 26 In our study, 28% of the patients presented AF, and we did not find any differences in %VO 2p for patients with AF and sinus rhythm. Also, in our study, patients with AF, but not in sinus rhythm, the MPI presents inverse and high correlation with %VO 2p (r ¼ 20.689, P ¼ 0.04, Table 1 ). The MPI evaluates global LV performance, systolic, and diastolic. 8 However, in our study, the mean global ejection fraction was normal, suggesting that an increase in MPI could reflect diastolic dysfunction.
Several limitations to our study do exist. First, our patients did not show the typical pattern of restrictive diastolic dysfunction, because probably, they were allowed to continue their usual medications. In addition, patients with mild LV fibrotic involvement were included, which limits the evaluation of diastolic function. However, our data do support the notion that resting echocardiographic parameters might be useful for predicting functional capacity in EMF patients. Data are expressed as mean + SD. SR, sinus rhythm; AF, atrial fibrillation; LV, left ventricular; BSA, body surface area; LA, left atrium; Ar, pulmonary vein atrial reverse velocity; E 0 peak, average peak velocity of the early diastolic mitral annular velocities determined at four sites (septum, lateral, inferior, and anterior); A 0 peak, average peak velocity of the late diastolic mitral annular velocities determined at four sites (septum, lateral, inferior, and anterior). *P , 0.05. **0.05 P 0.10.
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